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Acute m e dical care, especially emergency medi-
cine, places heavy demands on the physician's re-
view and interpretation of patient data. We have 
developed a. computerized system for alerting 
physicians of potential life-threatening conditions. 
By utilizing a computer in conjunction with para-
medical personnel, we have shown that such a com-
puterized system can have a positive effect on phy-
sician behavior. Discussed are methods of collect-
ing data and implementing the system to support the 
above conclusion. 
I. Introduction 
Acute medical care requires physicians and 
other health professionals to process a la1·ge and 
di verse amount of data. Optin1al t1·ea tment of pat-
ients must include constant, efficient, and thorough 
examination of all patient data so that timely and 
correct decisions can be made. Optimal management 
o f hospitalized patients who are acutely ill must 
include some methods for early detection of abnorm-
alities. We have developed methods which utilize 
the computer to efficiently gather and analyze clinical 
data on hospitalized patients and to alert the medical 
staff to potential life-threatening problems. 
In the process of implementing a medical com-
puter system for the early detection of patient prob-
lems and physician notification of these problems, 
we have identified four process steps that occur 
when any new patient data is generated. These steps 
are: (1) communication of the data to the physician, 
(2) physician review of the data, (3) physician inter-
pretation of the data, and (4) physician action. II 
any of the first three steps are overlooked or are 
carried out incorrectly, action taken in treatment 
of the patient may be inadequate , inco rrect, or c om -
pletely lacking. A delay or loss in communication 
of diagnostic results to the physician for whatever 
reason may result in both delayed and inappropriate 
treatment. Lack of proper review of availaule data 
because of time limitation can cause results to be 
overlooked or misinterpre ted. Even if the data is 
correctly communicated and r eviewed, it may not be 
properly interpreted by the physician because of a 
.failure to correlate all of the pa tient data, a failure 
to detect trends in the data or an insufficient knowl-
edge to inte r pret the data. We belie ve that po tent ial 
occurrence of these problems can be greatly reduced 
using computer techniques. 
II. Materials and Methods 
The LDS Hospital is a 570 bed private hospital 
serving the Salt Lake area and the surrounding 
Intermountain region of the United States. Last year 
the hospital had over 31, UUU aumls~iuna and pcrfu nlltHI 
nearly 16,000 surgeries, including 600 open-heart 
surgeries . 
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The hospital has a large clinically, oriented 
computer facility which curren tly consists of two 
Control Data 3300 computers, one used for research 
and development and the other providing clinical ser-
vices. The clinical service computer is interconnect-
ed with ten minicomputer systems that service the 
intensi ve care units, multiphasic screening and the 
hospital's laboratories. This distributed mini-
computer system enhances reliability, improves 
throughput capabilities, and provides for local con-
trol and storage of data. 
In a ll, the compute r facility services 121 
clinically-oriented terminals and printers located 
throughout the hospital on nursing divisions and in 
intensive care units, laboratories, and special phy-
sician r eview areas. Term i nals are used for both 
data entry and data review. The computer facility 
provides the capability for convenient and easy 
acquisition of data from clinical areas of the hospital. 
Data entry is handled by automated instruments, 
minicumputerll, wa rd clerks. pharmacists, and 
o ther paramedical personnel. This data base, 
collected on every patient, allows fo1· review of m o st 
all clinically-oriented information from each terminal. 
Since 1972, a major effort of the Department 
of Medical Biophysics and Computing of the Univer-
sity of Utah and LDS H os pital has been the develop-
ment of a computerized decision-making system 
called HELP (_!:!ealth _§valuation through !::_ogical_!'ro-
cessing). HELP is a computer-based decision-
making system designed to provide timely expert 
interpretations of patient data to physicians and other 
health professionals. The interpretations are based 
on criteria developed by medical specialists . New 
data received by the main computer is processed 
thro ugh the appropriate HELP decision logic to pro-
duce sophisticated analysis and interpretations. 
A sLUnmary of the types of data acquisition 
and analysit1 is outlined. 
Multiphasic Screening. Upon admission, computer-
ized electrocardiograms and pulmonary functions 
are performed on selected patients, primarily 
those admitted for elective surgical procedures. 
Clinical and Microbiological Laboratories. Much 
of this data is entered automatically to a mini-
computer from the machine running the test. Data 
is available for review from any terminal seconds 
after results are verified by the laboratory tech-
nician and sent to the main computer. New labora-
tory results automatically print out in the intensive 
care units and the emergency room. 
Spt> c ialty Laboratories. In the heart catheterization 
laboratories , hemodynamic data is collected on an 
in - Laboratory minicomputer with the left 
ve ntriculog ram prov i d i ng additional data . B oth the 
pu lmonary function and blood gas laboratories arc 
also served b y a minicowpLltcr. E lec troca rd iograms 
are performed on pa tients in their hospita l rooms. 
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HE L P system and the interpretations are r eported 
w ith the results. 
Computer Monitoring. In the inte nsi ve care units 
m inicompLlters co llect and r eco rd a ll vital sign s an d 
hemody nam ic data. This dala is then automaticall y 
sent to the main compute r and interpre ted by the 
H£LP sys tem . · Technic ian :; en ter other pertine n t 
medication administ1·atiun and fluid in take and out -
put information. Comple te computer charting is 
:~vailablc for ovcr fifty int c- n Hi vc: ca r e bccls. 
Pha rmacy . A hospital- w ide drug surveillance pro-
gram is operated by clinical pharmacists throu g h 
the terminals on each nursing div ision. This sur-
veillance is unique in that not only drug-drug inter-
ac tions a re manito red, but !abo rata ry data is also 
monitored for drug contraindications and drug ad-
verse reactions. 
Admit and Dis'charge. All of the patient 1s 
admitting and discharge diagnoses are entered into 
Lhe computer using Systematized Nomenclature of 
Pathology (SNOP) . In addition, all surgical proce-
dures are coded by modification of this nomencla-
ture. Additional admit information includes 
patient ' s name, age, sex, height , and we ight . Com-
munications have been set up betwee n the mini-
computers and the central computer system fo r 
on-line admit, transfer, and discharge of patients . 
X-ray. Recently we have aclded a unique system of 
x-ray ordering and reporting. Orders are entered 
by ward clerks and include the Lype of x-ray and 
the reason for the order. This information along 
with laboratory a nd other data is re viewed by the 
HELP system to determine the five most probable 
interpretations. The radio logist can then check one 
of the five interpretations, and this data is entered 
into the computer. 
Alert Program. This extensive data base provided 
the basis for development of a pro g ram that alerts 
health professionals to acute or life-threatening 
situations. By utilizing all the clinica l data on the 
patient the HELP system promptly detects acutely 
serious events which are then a vailable for display 
on any terminal. Subsequently, the physician i s 
notified of these events by responsible perso nne l 
more quickly than through the usual communication 
channels . The alert program operates on a twenty-
four hour basis with computer reliability and spe ed . 
T he HELP system is "data-driven" meaning that as 
soon as new data is available (e. g. laboratory, blood 
gas, or pharmacy data), each of the appropriate 
decision criteria relating to that data is evaluated. 
For example, an elevated serum potassium may 
generate several alel't conditions. It may generate 
an alert because of the danger of an elevated pH 
from a recent blood gas . The potassium result may 
also cause alerts for the pharmacy if the patient is 
rcceiving potassium supplements or potassium-
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sparing diuretics. An a lert de c ision may be made if 
the potassium le vcd i s high e nough t ha t a patient 
m i ght dev e lop cardiac ar rhythniias. Therefore, 
upon rece i vin g an abnorma l serum-potassium value, 
Lh c liT- : 1. 1' t~yt~ leill review,; recent ulood gases and 
t he medication list so that all appropriate decisions 
c a n b,, made . 
The alerting system has b e en used in three 
major ;u-r·aR of thr hospita l. A brief de sc ription of 
each area follo ws . 
l) Pharmacy. It is universally reco gnized 
that drug the rapy, together with its benefits, also 
poses a significant threat to the delivery of hea lth 
ca r e dut' lo drug inlc ra <:tio na with other drugs, the 
patie nt's dis ease condition, and adverse drug 
reactions. 1- 5 A majority of these adverse effects 
ar e defined and predictable. Drug therapy monitor-
ing scheme s have bee n devised to assist the phy-
sician reducr. t he ha za rds associated with drug 
the r a py. However, drug therapy monitoring is 
largely a routine acti v ity r e quiring extensive 
attention to large amounts of information with rela-
ti vely rare occurrences of significant events . It 
is difficult on an ongoing basis to provide sufficient 
incentive to make a manual system one hundred 
percent effec tive. The predictability of the ad verse 
effects, combined with the tedious nature of drug 
therapy monitoring , make computers well suited to 
a ccomplish this task. 
The primary objective of a computerized drug 
monitoring sys tem i s to provide a pfo spective 
review of all drug therapy to modify physician pre-
s cribing beha vior prior to the administration of 
pote ntially harmful medica tio ns . Cohen and his 
associates at Stanford University have p ioneered 
computerized drug monitoring systems for both 
hospital and communi t y pharrnacy practice settings . 
6-9 Others have a lso worke d in this area. 10 The 
emphasis of these systems is on the detection of 
drug-drug interactions. A fe w investigators have 
developed outpatient monitoring systems which, in 
addition to drug - drug inte ractions, monitor for 
drug contraindication:3 du e to diagnosis and drug-
[ b . . 11 a oratory test 1nteract10ns. 
We have developed a computer system which 
provides the physician with therapeutic suggestions 
relative to a wide range of medication prescribing 
problems. Patient specific suggestions are pro-
vided for : 1) drug-allergy contraindications, 2) 
pote ntial drug-drug interactions, 3) advers e drug 
reactions, 4) drug - disease interactions, 5) labora-
tory monitoring of potentially toxic drugs, and 6) 
prevention of excessive drug dosage. 
The LDS Hospital has a decentralized medica-
tion distribution system where the pharmacists work 
on the nursing divisions rather than in the central 
pharmacy. A direct copy of the physician medica-
tio n order is given the pharmacist on the nursing 
division. The pharmacist promptly enter s the 
drug information into the computer throu gh a ter-
minal on the nursing di vision before dispensing the 
m e dic a tio n. The drug name , dosage , route of 
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adminis t ration, dosing schedule, and time of order 
are all logged in the patient's computerized medication 
profile, The HELP system then automatica lly pro-
cesses all alert criteria applicable to the drug pre-
scribed, and if any of the alert conditions arc true, 
it presents the pharmacist with the alert conditions. 
The pha rmacist then evaluates the patient for the 
alert conditio n and makes personal contact with the 
physicia.n to discuss the alert. This feedback method 
is quite different from o ther computerize d alerting 
system s in which feedba ck of the alert condition is 
limited to lea ving a computer p rinto ut of the alert in 
the patient's chart. 
2) Blood Gases. A study was conducted in 19 74 
to test physician response to alerts of "severe hypox-
emia" on patients. Technicians notified physicians 
twice a day of any patient whose blood gas indicated 
a severe hypoxemia, Physician response w'i.~ en.thu-
siastic and patient care changed as a r esult. S1nce 
this study, rules for compute rized blood gas interpre-
tation of acid-base balance have been fo rmalized into 
a regional standard for interpretation. 13 The recent 
advance in the ability to measure both arterial and 
venous blood gases has given the computer more data 
to use in evaluating oxygenation, 
The HELP system not only provides sophisticated 
interpretations but it also r ,e views clinical laboratory 
data for abnormalities. li a metabolic acidosis is 
interpreted on a blood gas, the HELP system reviews 
the most recent SMA-6 and lactic acid le ve l to deter -
mine possible reasons for the acidosis. The computer 
also calculates the anion gap from the e lectrolytes 
and indicates in the interpretation whether it is high, 
low, or normal. Recently, us e of minicomputel·s to 
automatically measure and record hemodynarnic data 
in the intensive care units has enabled the HELP 
system to use cardiac outputs in more sophisticated 
interpretations of oxygenation, An example of an 
interpretation that might appear with a blood gas of a 
critically ill patient is: 
SEVERE MIXED RESPIRATORY AND METABOLIC 
ACIDOSIS 
ANION GAP GREATER THAN NORMAL (25. 0 
MEQ/L) 
CONSIDER LACTIC ACIDOSIS 
HYPOVENTILATION WORSE 
SEVERE HYPOXEMIA BREATHING 02 AND C02 
RETENTION 
(A-A GRADIENT 191 MMHG A/A 21 "/o) 
TECHNICIAN CONTACT MD OR RN 
02 CONSUMPTION 250 ML/MIN: 02 EXTRACTION 
RATIO (35"/o) 
ESTIMATED R-L SHUNT 23"/o 
With all of this information available for use by the 
HELP system, blood gas interpretations can alert 
the physician or nurse to a variety of problems. Inter-
pretations are available for review on any terminal 
and with each printout of results. 
3) Nurse Alerts. Based on the positive experience 
we have had with both the pharmacy and Llood gas 
systems, we then chose to expand our alerting system 
to include alerts on patient condition based on clinical 
laboratory data, We have established over sixty 
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alert criteria applied to data coming from the clinic «! 
laboratory data that indicate potentially life-threaten-
ing problems for the patient. A two -year study has 
been conducted to test this new program. Nurse 
clin icians assisted in data collection and evaluation. 
They frequently reviewed the ale rt list on a terminal, 
made certain each alert was va lid, and then random-
ize d the patients into control and study groups. For 
the study patient, the physician or nurse was immP-
diate ly notified and a simple computer-generated, 
action-oriented alert pro to co 1 was placed in the chart. 
For both study and control gro ups, the nurse clinician 
reviewed each patient's chal·t daily for a 48 ho ur pe r -
iod documenting notes and orders pertinent to the 
abnormal laboratory value. With this data, we ha ve 
been able to measure the effects of the alerting pro-
gram on physician's behavior in treating patients . 
A scenario will illustrate utilization of the HELP 
computerized system, A 62 year old female was 
admitted to the emergency department of the LDS 
Hospital, confused, vomiting and unsteady on her feet. 
A "stat" electrolyte series was ordered on the patient. 
The patient was admitted through a computer terminal 
in the emergency department, which also admit ted the 
patient to the clinical laboratory system, A laboratory 
sample was drawn at 18:35 hours. At 19:20 hours the 
data from the Technicon SMA-6 was acquired by the 
laboratory computer, verified and sent to the HELP 
decision-making system. The HELP decision-making 
system then processed the patient's electrolyte data 
through its drug, laboratory and other appropriate 
decision-making criteria. On performing this 
decision-making task, the computer generated a 
"hyponatremia alert" indicating the sodium level of 
110 m/eq per liter . The nurse clinician observed 
the alert on the computer terminal at 19:30 hours and 
obtained a printout of the alert and treatment protocol. 
Since the patient was in the study group, the nurse 
clinician then went to the emergency department to 
assess the physician's awareness of the problem. 
The admitting diag nosis chart stated "left temporal 
cerebral accident" and no laboratory work was 
charted. It was felt by the nurse clinician that the 
physician was unaware of the hyponatremia and that 
he had probably mista ken the patient's symptoms 
for signs of a stroke. The physician was notified 
at 19:45 hours and expressed surprise at the low 
sodium. The physician's assesBment was changed 
from "cerebral vascular accident" to "hyponatremia-
seizure." Because of the severity of the symptoms 
which developed, including the seizure, the patient 
was transferred to the Medical/Surgical intensive 
care unit. Appropriate treatment with intravascular 
saline was begun three-quarters of an hour after the 
alert was posted (available for viewing on a terminal). 
The laboratory values went out of the alert limits in 
10.25 hours and were within normal hospital limits 
in 33.25 hours, The patient stayed in the intensive 
care unit for four days and was discharged a few 
days later with a normal serum sodium. The above 
scenario illustrates some of the important featur e s 
of the HELP system and the alert program: l) patient 
data on admission was transferred between two com-
puter ~>ystems, 2) laboratory data waa quickly reported 
through a computer system, 3) medical decision-
making and alert criteria were au·tomatically applied, 
4) prompt feedback to the nurse clinician and physician 
led to promp t treatmen t , thus nnnmuzmg the time 
the patient was in a life -threatening condition, and 
5) automated decision criteria were applied without 
having tho ph y a ic ian !I a H k for the data, lt lllus trate s 
the importance of automated decision-making and the 
impact it can have on patient care. 
III. Results 
1. Pharmacy. Results from the pharmacy system 
are contained in a preliminary publication by Hulse, 
et a~, and in an upcoming publication by Clark, et 
al. 1 • 15 Utilizing the methods described we have 
achieved a very high (about 74o/o) rate of physician 
compliance to the alert -s uggested therapeutic 
actions. This excellent compliance rate is probably 
attributable to two factors: (1) few false positive 
alerts due to an extensive com p uter i zed patient data 
base, and (2) personal contact with the physician by 
a knowledgeable clinical pharmacist. 
Since the implementation of this system in 1975 
there have been 586,512 prescription orders for 
100, 317 patients that 'ha ve been monitored by the 
system, Medication monitoring by the HELP system 
has yielded alert therapeutic sug ges tions on 3, 13 8 
patients. Therefore, the rapeutic suggestions occur -
red on 3. 1o/o of the patients and 0. 59"/o of prescriptions 
ordered. Significantly, the physicians modified drug 
therapy in response to the a lert suggestions on 2, 316 
or 73. 8'7o of the patients . It i s interesting to note 
that drug-drug interactions accounted for less than 
30% of the computer alerts generated , while drug-
laboratory contraindicatio ns accounted for 45 % of 
the a lerts . Drug allergy interactions we r e the third 
h i ghest alert causing crite-rion and resulted in appro-
ximately 15% of the alerts. Drug excess i ve dosage 
alerts accounted for 7 o/o . 
2. Nurse Alerts. For the pas t e i ghteen months 
we have reviewed more than 3, 000 alerts. About 
half of these alerts o ccurre d on study patients and 
half on control pat ients. Doc umentation by the 
nurse clinicians included t im e interva ls from post-
ing time of the alert to first phys ician-orderf'd 
ac tion towards treatmen t and time the laborato r y 
va lue was o ut of alert range. Also 111easured wa s 
compliance of physicians in treating patients accord -
ing to appropr iate a ctions liotcd o n the alert pro tucul. 
T he metabolic acidosis alert will serve as a go od 
example for the differences one cou l d expect between 
control and study group in thi s particular alerting 
system. We found that in the study group (208 
patienlti) il too k an a verage of 3. 6 hours fo r the 
first action to be taken while in the control group 
l l tl 1 patients) it took 6. 7 hours. The t ime difference 
i s statistica lly significant. We also found that no 
action was taken by the physic ian in 13 of 14 0 cases 
(9. 3%) in the study group and in 28 of 9 1 cases 
(30. 8o/o) in the control group, a ls o very statistically 
significant. Therefore, the conclusion was that 
there was ve ry significant diffe renc e in how prom pt-
ly and how ofte n action was taken in the treatme nt 
of particular serious problems. We evaluated how 
long patients stayed in the alerting co ndition, that 
is, how lo ng the patient was in metabolic acidosis. 
We found that the mean time for patients in the 
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study group was 23. 7 hours, while it was 34.3 hours 
for the control group. This is a statistically signi-
ficant difference. Sim ilar to our findings when 
evaluating the first action taken, we found that there 
were significantly more patients in the control group 
than in the study group who never came out o f the 
alert range. Another interesting observation was 
that prompt protocol-suggested care of the patient 
with metabolic acidosis either in the study or control 
group, had a marked effect on how quickly the patient 
recovered. This gave us confidence that the simple 
therapy protocols used in the alert system were 
valid. 
During the time the study was conducted physicians 
were seeing patients in both study and control groups. 
Therefore, there was a training effect in operation. 
What a physician learned on a study patient could be 
applied to the next control patient who had the same 
condition. Even with the contamination of the train-
ing effect, there W3.S significant statistical differ-
ences between the two patient groups. Therefore, 
we are confident that the computer alert system does 
have a positive effect on the quality of patient care. 
3. Physician Attitudes. During the past three years 
we have conducted several of our own e valuation 
studies of program user attitudes. We also have had 
Batte lle Co lumbu s h e lp us conduct a study entitled 
"Physicians E valuations and Expectations of the 
HELP System. " 16 The evaluation studies show our 
medical staff to be supportive of the computerized 
deve lopments. A questionnaire polling physicians on 
the nurse a lert program revealed that 75 % "always" 
use the terminals to obtain laboratory results and 
that all felt the nurse alert program to be a beneficial, 
justified service. Quoting one of the conclusions 
from thC' lJattellt~ study; " .•. as opposed to the usual 
negative attitude and opposition encountered in adopt-
ion of inno va tion, particularly in the hospital envir-
onment; a positive attitude towards the system is 
pre vale nt among the physicians on the staff at LDS 
Hospital. Those negative attitudes toward the 
system a nd particular expectations of the system 
encountr• red by JJattc lle appear to be based on biases 
t oward the hospital or towards computers in general 
rather than towa rds the HELP system." Question-
naire responses from Battelle 1 s r e port showed that 
for many of the indiv idualized computer services 
th e r e was great en thusiasm along with expectations 
of the compute r s ystem. In the cas e of the inte nsi ve 
care unil s , physicians thought the compute r should 
provide more co mplete and easy-to -read fluid intake 
a nd o utpu l reco r ds. This pro blem was remedie d 
se ve ral mon ths after the report came out. Also , 
many of th e r es pondents to the questionnaire indi-
cated that the attributes they expected from the 
systetn were in fact present. Overall the co1nput e r 
system has r ece i ve d positive evaluations both in 
ternt s of expectation and experiences to date. 
IV. Conclusion 
We have shown tha t the computer system at 
LDS Hospital has been beneficial in changing physi-
cian behavior to reduce therapy errors and improve 
physician decision-making. Three process steps 
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are completed by the physician before actio n is 
taken whenever new patient data is generated: (l) 
communication, (2) review, and (3) interpretation 
of the data. Each of these process steps is improved 
by the computerized system. The communication and 
review of the patient data is improved by organizing 
the data and presenting it on demand at the computer 
terminals at the nursing divisions. 
The review and interpretation processes are 
improve d by automatic computer review and ana lysis 
of the patient data by the HELP system. This con-
tinuous analysis generates alerts on abnormal data 
that poses potential problems for the patient. We 
have shown that feedback to the physician of these 
alerts thr ough pharmacists and nurse clinicians has 
resulted in physician compliance to the alert suggest-
ions. We have also shown that the alerts caused a 
roo re prompt treatment of the patient and a more 
rapid return to normal of his laboratory parameters. 
Our future inves tigations will more carefully 
evaluate the key elements of physician compliance 
and will determine the cost- benefit ratio o f the com-
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